liliilllliillliiiilllllililll 

(11) EP 0 776 147 A1 

(12) EUROPEAN PATENT APPLICATION 

(43) Dateofpubfication: (st) mtci.S: H05B 33/12, H05B 33/04 

28.0S.1997 Bulletin 1997/22 



(21) Application nuntien 961 185B2.4 

(22) Date of filing: 20.11.1996 



(84) Designated Contracting States: 


- Nakada, HItoshI 


DE FR GB 


c/o Pioneer Electronic Corp. 




Sattama-ken (JP) 


(30) Priority: 24.11.1995 JP 306143/95 


• Nalto, Takemi 


(71) Applicants: 


c/o Tohoku Pioneer Electronic Corp. 


Yonezawa-shi, Y^magata*ken (JP) 


» PIONEER ELECTRONIC CORPORATION 


MeguiD-ku Tokyo*to (JP) 


(74) Representative: Bdck, Bemhard, DipL-ing. 


• Tohoku Pioneer Electronic Corporation 


Jaeger, Bdck & Kfister, 


Yonezawa-shi, Yamagata-ken (JP) 


PatentanwSite, 


(72) Inventors: 


EgioffsteinstiBsse 7 


97072 WQrziXirg (DE) 


• KawamI, Shin 


^ c/o Pioneer Electronic Corp. • ■ • 




Saitanm-ken (JP) 





(54) Organic EL element 



(57) An organic EL eiement (1) is prcvkied with: a 
lamination txDdy (6» 6*) having a pair of electrodes (3. 5) 
opposed to each other and an organic lunninescent 
material layer (4). which comprises an organic conrv 
pound and is interposed between the pair of electrodes, 
for emitting a light from the organic luminescent mat^ai 
layer by supplying electrons and h>les to the orgarBC 
luminescent material layer from the pair of electrodes; 
an airtight container (10) for airtightly containing the 
lamination body to isolate the lamination body from an 
external atmosphere thereof: and a drying substance 
(8) airtightiy contained in the airtight cwitalner and 
spaced from the lamination body in an internal ^mce 
(1 1) of the airtight container, for absorbing moisture in 
the internal space. The drying substance (8) comprises 
a solid compound which chemically ^asort^s the mois- 
ture and maintains its solid state even after absorbing 
the molstura 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention generally relates to an 
organic EL (Electro-Luminescence) element suit^ly 
used for a display device, a Hght emission element etc. 
of apparatuses for various information industries, and 
more particularly to an organic EL element, which can 
maintain a stai^e light emission property for a long 
period of time. 

2. Descdption of the Related Art 

The EL element is constructed such that an organic 
luminescent material layer is interposed hetwe^ a pair 
of electrodes op^ed to each other. By injecting the 
electrons from one of the electrodes and injecting the 
holes from the other of the electrodes to the organic 
luminescent material lay the electrons and the holes 
are comt»ned in the organic lunBnescent material layer, 
so that the EL element emits the light The EL element 
is superior in the visibility and the endurance against a 
physical ^ck. and also has a merit of the high variety 
in colors of emitted light irom the. organic material f(ym- 
ing the organic luminescent material layer, so that it is 
suitably used for a display device and a light emission 
element of apparatuses for various information indus- 
tries, for example. 

On ^e other hand, the organic EL element has 
such a demerit ttiat. afta' it has been driven for a certain 
period of time, the light mnission properties such as a 
light errassion intensity and a light «ression unifonroty 
are considerali^y degraded as compared with those at 
the initial stata One of tfie reasons for tiiis degradation 
of the light emission properties Is that the moisture, 
which has been absort>ed on a surface of a constitu- 
tional part of tiie organic EL element and the moisture, 
which has invaded into me orgartic EL element, irtvades 
through a defect etc. of the surface of a cathode tnto the 
lamination body, which has a pair of electrodes (i.& the 
cathode and anode) and the c»ganic luminescent mate- 
rial taya- interposed tiier^etween, so that the d^ch- 
ment between the organic luminescent materia! layer 
and the cathode is caused. As a result a so-called dark 
spot i.e. a spot of the light entsslon portion, which does 
not &nlt the. tight because me electricity is not supplied 
thereto, is generated. 

Therefore, it is necessary to decrease the humidity 
in the internal of the organic EL elenent so as to pre- 
vent the generation of the dark spots. 

In order to prevent the internal of the organic EL 
el^ent from beconting a high humictity condition, there 
is proposed one method, which has such a construction 
that a scaring layer and a protection layer induding a 
drying agent are disposed at the external of the larrdna- 
tion body of the catiiode. the organic luminescent mate- 



ria! layer and the anode (Japanese Patent Application 
Laying Open NO. Hei. 7-169557). There is also pro- 
posed another method, which has such a cor^truction 
tiiat tiie lan^nation body of tiie pair of electrodes 

5 opposed to each other and the organic luminescait 
material layer interposed therebetween is accommo- 
dated in an airtight case, and that drying means com- 
posed of phosphorus pentoxide (P2O5) is accomodated 
in die airtight case and is spaced from the lamination 

TO body, so that the lamination body and me drying means 
are midair-sealed in the airtight case (Japanese Pat^ 
/i^ication Laying Open NO. Hei. 3-261091). 

However, the above mentioned organic EL element, 
which has the construction that the sealing layer and tiie 

T5 protection layer including the drying agent are directiy 
laminated on tiie external of the lamination body {Japa- 
nese Patent plication Laying Open NO. Hei. 7- 
169567), a leak cun-ent and a cross-talk can be easily 
generated because of the formation of the protection 

20 layer, so that it considerably degrades the light emission 
property. 

On the other hand, the above mentioned organic 
EL element, which has such a construction that the lam- 
ination body and the drying means composed of PgOs 

25 are accommodated in the airtight case (Japanese Pat- 
ent >^ication Laying Open NO. Hei. 3-261091). 
although it does not have such a problem that the leak 
current or the cross-talk is easily generated. P2O5 
at)Sorb8 the moisture in the atmosphere and is dis- 

30 solved into the absortDed water (deliquescence), so that 
phosphoric acid is generated, which badly influences 
the l^ination body. Further, since the method of 
enclosing ti^e drying means conposed of PsOs into the 
airtight case is extrem^y linked, this organic EL ele- 

35 ment is not practical. 

SUMMARY OF THE INVENTION 

\t is tiierefore an object of the present invention to 

40 provkle an organic EL element, in which the generation 
of the leak current or tiie cross-talk is restrained, which 
has the drying means harmless for the organic EL ele- 
ment and IS easily handled at me time of endostng me 
drying memis. and which can nrtaintain a stable light 

45 emission pr^erty for a long p^od of time. 

The above object of me present inventton can be 
achieved by an organic EL element provkied ^m&^: a 
lamination body having a pair of electrodes opposed to 
each omer and an organic luminescent mataial layer, 

so which comprises an organic compound and is inter- 
posed between me pair of electrodes, for emitting a light 
frcHD me organic luminescent material layer tjy supply- 
ing electrons and holes to me organic luminescent 
materia! t^er from the pair of electrodes; an airtight 

£5 container for atrtightiy containing me lardnation body to 
isolate me lamination body from an external atmos- 
phere mereof; and a drying si^stance airtightiy con- 
tained in me airtight container and spaced from me 
lamination body tn an internal space of the airtight con- 
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tainer, for absorbing moisture in the internat spaca The 
drying substance conprises a solid conpound which 
chemicaOy absortis the moisture and n^ntains Hs solid 
state even after absorbing the moisture. 

According to the present invention, the solid com* s 
pound, which chemically absort» the moisture and 
maintains its solid state even after absorbing the mois- 
ture, is used for the drying substance, in the construc- 
tion of the organic EL element in which the drying 
substance and the lamination body are airtightiy con* 10 
tatned in the airtight container such that the drying sub- 
stance is spaced from the lamination body in the 
internal spaca 

Thus, since the moisture is chemically absorbed, 
the softd compound of the drying sutdstance does not is 
discharge the moisture, which has been once absoibed, 
to the internal space of the airtight container even at a 
high temperature. As a result, the growth of the dark 
spot of the organic element can be sufficiently 
restrained. On the contrary to this, rf the soTtd com- 20 
pound, which physically ab5ort>5 the mo^re suc^ as 
silica gel. is used to absorb the moisture, the drying 
sitetance certainly discharges the moisture, which has 
been once absorbed, to the internal space of the airtight 
container, at a high temperature. As a result the growth 2S 
of the dark spot of the orgar^c EL element cannot be 
^uffidently restrained. - * ■ 

Further, since the solid corrpourtd of the drying 
si^ance maintains Its solid state even after absorbing 
the moisture, the drying sttetance does not bacBy inftu- 30 
m-ice the lamination body even after at)sorbing the mois- 
tura Namdy, the solid compound certainly prevents the 
high humidity condition from occunirtg in the organic EL 
element so as to prevent the generation of Sie leak cur- 
rent and ^e cross-talk, and does ncft cause the leak cur* as 
rent or the cross-talk eren after absort»*ng the moisture. 
On ^e contrary to this, rf the drying substance is com- 
posed of a conpound wtvch liqueHes after absod3tng 
the moisture, although it works in its inhial state. It will 
badly influence the organic EL elment after liquefying 4o 
tn the container. 

Furthermore, since the solkf conpound is certainly 
in a solid state at the time of enclosing rt into the airtight 
container, the handling at the time of enclosing the dry- 
ing substance is rather easy and various enclosing 45 
methods may be enptoyed. On tiie contrary to this, if 
the drying substance is composed of a conrpound, 
which liquefies after absorbing the moisture, or a liquid 
compound from its original state, the handling at the 
time of enclosing the drying substances rather dfficuit so 
and the enclosing m^od is qiite limited in a practical 
sense. 

Consequently, ^e generation and growth of the 
dark ^ots can be sirely restrained after driving It for a 
certain period of time, and the stable Bght emisdon 55 
property can be maintained for a long perkxJ of time, 
according to the present inventioa 

In one aspect of the present invention, the lamina- 
tion body further has an electron supplying layer and a 



holes supplying" layer lamir^ted on the pair of elec- 
trodes for respectively supplying the electrons and the 
holes. 

According to this aspect the electron and the holes 
can fc>e reliably siipplied to the pair of electrodes, so that 
the light can be reliably emitted from the orgartic lunro- 
nescent material layer. 

In another aspect of the present invention, the air- 
tight contains is provided with: a sealing case, in which 
the drying substance is disposed; a transparent sub- 
strate, on which the lamination body is disposed and 
which covers the sealing case; and a seaBng agent for 
airtightiy bonding the transparent substrate to the seal- 
ing casa 

According to thds aspect, the reliable airti^ condi- 
tion of the airti^ container can be obtained by use of a 
rather simple constructbn, and the production proce- 
dure of the organic EL element can be simplified. 

In another a^ect of the presern invention, the inter- 
nal space of the airtigfit container is filled with inert gas. 

According to this aspect, the drying substance, 
which is spaced from tiie lamination body in the intemal 
space pf the airtight container, can be certainly isolated 
from the lamination body by tiie existence of the intemal 
space filled with the inert gas. 

In the present invention, tiie solid compourx) of the 
drying substance may comprise an alkaline metal oxide 
compound, an alkaline earth metal oxide compound, 
sulfate, metal hallde, perchlorate or an organic sub- 
stance. In this manner, various kinds of solid com- 
pounds can be em^^oyed in the present invention, as 
long as they fiave the property to chemically absorb the 
nfK}isture and maintain its solid state even after absoris- 
ing the moisture. 

The nature, utility, and further features of this inven- 
tion will be more deariy apparent from the following 
detailed description wttii respect to preferred embodi- 
ments of tile invention when read in conjunction witti the 
accompanying drawings briefly described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

RQ. 1 is a cross-sectional view of an organic EL 
element as an embodiment of the present invert 
tion; and 

F13. 2 is a partial cross-sectional view of a modified 
Imrtnation body of the organic EL element of FIG. 
1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS- 

Refen-ing to the accompanying drawings, en^odi- 
ments of the present invention will be now explained. 

In FIG. 1 an organic EL element 1 as an embodi- 
ment of ti^e present invention is provided with: a ^ass 
substrate 2; a t^nination body 6 comprising an ITO 
electrode p.e. InParSn film electrode) 3. an organic 
luminescent naterial layer 4 and a cathode 5; a glass 
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seaRng case 7; a dr)ang substance 8: and a sealing 
agent 9. 

Although the lanwnation body 6 comprises three 
laminated layers i.e. the ITO electrode 3. the organic 
luminescent materia! layer 4 and the catfwde 5 in FIG. s 
1, the lanrBnation body 6 may further comprise a hole 
supplying lay^ 21 and an electron supplying tay& 22 in 
addition to those three layers, and that those layers may 
comprise multiple layers, to be a lanrwnation body 6* hav- 
ing a construction as shown in FIG. 2. 

In Fia ^ , more concretely, the ITO electrode 3, the 
organic luminescent material layer 4 and the cathode 5 
are laminaied in this order on the glass siisstrate 2 to 
form the lamin^on body 6. The drying substance 8 is 
disposed in the glass sealing case 7 such that the dry- 
ing substance 8 is spaced from the lamination body 6. 
The lamination body 6 and the drying substance 8 are 
enclosed in an internal space 1 1 of an airtight container 
10 composed of the glass substrate 2 and the glass 
sealing case 7, whdch are airtighUy bonded to each 
other by the sealing agent 9. 

The internal space n of the airtight contains 10 is 
filled Ywth dried inert gas to isolate ttie drying substance 
8 from the lamination body 6. The drying substance 8 
conprises a solid compound, which chemically absortw 
moisture and maintains its sold state even after absoib- 
ing-lhe moislureh . . . . • . . 

As such a so&d conpound of the dr^ng substance 
8. as long as it cherncally atssorbs moisture and main- 
tains its solid state even aft&^ absorbing the moisture, 
any solid compound can be used h^. 

For example, an alkafine metal oxide corr^und an 
alkaline earth metal codde compound, sulfate (sul- 
phate), metal halide (halogenide), perdilorate and an 
organic st^sstance are available as such a sofid com- 
pound of the drying substance 8* 

As the alkafine metal oxide compound, sodium 
oxide (NazO) and potassium o)dde (K2O) are avaOebla 
for example. As the alkaline earth metal codde com- 
pound, calcium oxide (CaO), barium oxide (BaO) and 
magnesium oxide (MgO) are available, for ©campia 

As the sulfate, frthium sulfate (Lj2504). sodium sul- 
fate (Na2S04), cakrium sulfate (CaSO^. magnesium 
sultete (MgS04), cobalt sulfote (C0SO4), gallium »i»ate 
(032(304)3), titanium sulfate (11(504)2) and nickei sul- 
fate (NISO4) are available, for example The anhydrides 
of these sulfates are preferably employed here. 

As the metal halida catoium chloride (CaCy. mag- 
nesium chloride (MgQe), strontium chkjrkle (SrCy, 
yttrium chloride (YCI3), copper chloride (CuCla), cesium 
fluoride (CsF), tantalum fluoride (TaFs), niobium fluoride 
(f^F^, calcium brorrude (CaBrs). cesium bromide 
(CsBra), selenium bromide (SeBr4 ), vanadium bromide 
(VBr2), magnesium bromide (MgBr2). barium kxfide 
(Bay and magnesium iodide (Mgy are available, for 
example. The anhydrides of these halides are prefera- 
trfy employed here. 

As the perchlorate. barium pa-chlorate (83(0104)2) 
and nngnesium perchlorate (Mg(C104)2) are avail^le, 



for exanple. The anhydrides of these perchtorates are 
preferaWy enployed here. 

Further, other than the above descnlsed inorganic 
compounds, the organic substance is also available for 
the drying substance 8. However, In case of the organic 
substance, the property is still required to chemically 
absorb moisture and maintain its solid state even after 
absorbing the moisture. 

As a method of enclosing the dr^ng substance 8 in 
the airtight container 10. a mettrod of consolidating the 
above explained chemical compound to be a solid com- 
pound formed in a predetorrrBned shape and setting this 
solid compound in the glass sealing case 7. a method of 
packing the above explained chemical conpound into 
Bn airi^ermeatile bag and fixing the bad in the glass 
sealing case 7. a method of preparing a partition in the 
glass sealing case 7 and enclosing the above explained 
chenacal compound into this partition, and a method of 
forming a film of the above ex^^ained chemical com- 
pound, by a vacuum-v^or deposition, a spattering, a 
spirmer-coating and so on, on the internal surface of the 
glass sealing case 7, are available, for example. 

As aq^iained above, since the drying substance 8, 
which has the property to chemically aijsorb mdsture 
and maintain its solid state evai after absortMng tiie 
moisture, is used for the organic EL element 1 . handling 
at the.time of enclosing the drying substance 8 into it is 
ratiier easy, and a more sinpie or functional enclosing 
method can be employed. 

Concrete exanples of the preserrt embocfiment vvill 
be explained hereinbelow. 

1. First Example 

As the drying substance 8, the barium oxide (BaO) 
is used, and tiie organic EL dement 1 having tiie struc- 
ture shown in FIQ. 1 is cons tr u cted as a first exanple. 
The drying sutss^nce 8 is enclosed In the glass seafing 
case 7 by fixing the drying substance 8 on the internal 
surface of the glass sealing case 7 by use of a bonding 
agent. 

Right after enclosing the drying substance 8. a 
magrufied photograph of a light emission portion of the 
organic EL element 1 is taken by a magnification of 50 
times. 

Nextiy, after keeping tiiis organic EL element 1 at a 
tenperature of 85 'C for 500 hours, the magnified pho- 
tograph of the light emission portion of the organic EL 
element 1 is taten in ttie same manner as right after 
endosirtg. 

By oi3serving and comparing those two magnrfted 
photographs, the growth of dark spots is hardly 
observed. 

g. Second Example 

As the drying substance 8. in place of the barium 
oxide (BaO) in the first example, the calcium oidde 
(CaO) is used Other tiian that, the organic EL elwent 
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1 is constructed and the magnified photographs {right 
after endosing arwi after keeping it at the temperature of 
85 ^'C for 500 hours) are taken in the same manner as 
the first escample. 

As a result, the growth of dark spots is hardly 
observed. 

3. Third Examote 

As the drying siijstance 8. in place of the barium 
oxide (BaO) in the first exanple, the calcium sulfate 
(CaS04) is used. Other Itoi that, the organic EL ele- 
ment 1 is constructed and the magnified photographs 
(right after enclosing and after keeping it at the temper- 
ature of 85 'C for 500 hours) are taken in the same 
manner as the first example 

As a result, the growth of dark spots is hardly 
observed. 

4. Foialh Example 

As the drying substance 8. in place of the barium 
oxide (BaO) in the first example, the calcium chlorkle 
(CaCy is used. Other than that the organic EL element 
1 is cwTStruded and the nragnified photographs (right 
after endosing and after keeping it at the terrperature of 
* 85 "^C for 506 hours) are takeain the same manner as 
the first example. 

As a result the growth of dark spots is hardly 
observed. 

5. Comparison Example 

As the drying sitetance 8, in place of the barium 
oxide (BaO) in the first exanple. the slltca gel is used. 
Other than that the organic EL element 1 is constnjcted 
and the magnified photographs (right after enclosing 
and after keep^g it at the temperature of 85 fen- 500 
hours) are taken in the same manner as the first exam* 
pl& 

As a result, it is observed that the growth of daric 
spots is remarkable. 

As descnlsed above in detail, according to the 
present endsodtment the drying substance 8 has the 
property to chemicaUy absorb moisture and maintain its 
solid state ev^ after absorbing the moisture, and since 
this dr^ng substance 8 is endosed in the airtight con- 
tainer 10 in such a manner that the drying substance 8 
is isolated from the lan^natkKi body 6, which conprises 
the pair of electrodes (^^sed to ^h other arrd the 
organic tuminescertt materal layer interposed ^erebe- 
tween, by the internal space 1 1 filled with the inert gas. 
Thus, the drying si^stance 8 after absorbing the mots* 
ture dose not badly influence the organic EL element 1. 
and the handling at the time of endo^ng the drying sub- 
stance 6 is rather easy. Further, since the generatk>n of 
the leak current and the cross-talk is certainly 
restrained, the stable light emts^on property can be 
maintained for a long period of time. 



The invention may be embodied in other ^edfic 
fomns without departing from the sp«rit or essential char- 
aaeristics thereof. The present embodiments are there- 
fore to he considered in all respects as aiustrative and 
5 not restrictive, the scope of the invention being indicated 
by the appended claims rather ^an by the foregoing 
description and all dianges which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced the^^n. 

TO 

Claims 

1 » An organic EL element (1) comprising a lamination 
body (6, 67 comprising a pair of eledrodes (3, 5) 

IS opposed to each other and an organic luminescent 
material layer (4). which comprises an organic com- 
pound and is interposed between said pair of elec- 
trodes, for emitting a light from said organic 
lunvnescent nBteriel layer by supplying electrons 

20 and hdes to said organic lun^nescent material 
layer from said pair of electrodes, characterized in 
that said organic EL el^ent (1) further connprises: 

an airtight container (10) for airtightty contain- 
25 ing said lanv'nation body (6» 6*) to isolate said 

lamination body from an external atmosphere 
thereof; and . 

a drying substance (8) airtrghtly contained in 
said airtight container and spaced from said 

3D lamination body in an internal space (1 1) of 

saki airtight container, for absoibing moisture 
in the imema! space, said drying substance 
comprising a solid conpound which chemically 
absortss the moisture and maintains its sotki 

35 State even after absorbing the moistura 

2. An organic EL element accordng to claim 1 . char- 
actaized in that said lamination body {6) further 
comprises an electron supplying layer (22) artd a 
40 holes supplying layer (21) laminated on said pair of 
^ectrodes (3. 5) tor respectively supplying the elec- 
trons and the fioles. 

X An organic EL element according to claim 1 or 2. 

45 characterized in tiiat said airtight container (10) 
comprising: a sealing case (7), in which said drying 
substance (8) is disposed; a transparent substrate 
(2). on which said lamination txxly (6, 6*) is dis- 
posed and which covers said sealing case: and a 

50 sealing agent (9) tor airtightly bonding said trans- 
parent substrate to said sealing casa 

4. An organic EL element according to any one of 
daims 1 to 3. characterized in that the internal 

55 space (11) of said airtight container (lO) is filled 
wi^ inert gas. 

5. An organic EL element according to any one of 
daims 1 to 4, characterized in that the solid com- 
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pound of said drying stjtetanca (8) comprises an 
alkaline mat^ Godde compound. 

€. An organac EL element according to any one of 
claims 1 to 4, characterized in that the soBd com* s 
pound of said drying sii>stance (8) conr^xises an 
alkaline earth metal oxide compourd. 

7, An organic EL element according to any one of 
claims 1 to 4. characterized in that the solid com- to 
pound of said drying substance {8} comprises sul- 
fate. 

a. An organic EL elemstt according to any one of 
daims 1 to 4. characterized in that the soFtd com- ts 
pound of said drying substance (8) conpnses 
met^ halide. 

9. An organic EL element according to any one of 
claints 1 to 4, characterized in that tiie sofid com- 20 
pound of said drying siijstance (8) comprises per- 
chlorate. 

10. An orgar^c EL element according to any one of 
ctainrts 1 to 4, characterized in that the soRd com- 2s 
pound of said drying substance (8) coirprtsee an 
organic sub^tanca* ' 
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